Imaging phosphorylation dynamics of the epidermal growth factor receptor.
Epidermal growth factor receptor (EGFR) signaling is initiated by ligand binding followed by homodimerization and rapid receptor autophosphorylation. Monitoring EGFR phosphorylation was achieved by measuring translocation and binding of an enhanced yellow fluorescent protein (EYFP)-labeled phosphotyrosine-binding domain (PTB) to enhanced cyan fluorescent protein (ECFP)-tagged EGFR using fluorescence lifetime imaging microscopy or sensitized emission measurements. To simplify dynamic phosphorylation pattern measurements in cells, FLAME, a ratiometric sensor containing both EGFR-ECFP and PTB-EYFP in one molecule, was designed and examined in COS7 cells. Epidermal growth factor (EGF) treatment demonstrated rapid and reversible changes in the EYFP/ECFP fluorescence emission ratios, due to binding of the PTB domain to its consensus binding sites upon phosphorylation at the cell periphery, whereas perinuclear regions failed to respond to EGF but were responsive to tyrosine kinase inhibition. Long-term EGF treatment resulted in accumulation of dephosphorylated receptor in the perinuclear region due to active dephosphorylation occurring at intracellular sites. This indicates that the sensor closely approaches the true dynamics of tyrosine kinase autophosphorylation and dephosphorylation. Phosphatase inhibition by pervanadate resulted in an irreversible response in all cellular compartments. These data show that EGFR is under tonic phosphatase suppression maintaining the receptor in an unphosphorylated (silent) state and is dephosphorylated at endomembranes after ligand-mediated endocytosis.